IMAGE DISPLAY APPARATUS WITH DRIVING MODES 
AND METHOD OF DRIVING THE SAME 



Background of the Invention 

1. Field of the Invention 

The present invention relates to an image 
display apparatus and a method of driving the same. 

2. Description of the Related Art 

The demand of display apparatuses remarkably 
increases in recent years. Especially, flat-panel 
display apparatuses such as a liquid crystal display 
apparatus (LCD) or a plasma display apparatus (PD) are 
greatly expected. As one of the flat-panel display 
apparatuses, a light emitting type image display 
apparatus such as an electroluminescence (EL) display 
apparatus has a high visibility and is superior in a 
view angle. The light emitting type image display 
apparatus does not need a backlight, unlike the LCD 
apparatus. Also, attention is paid to an organic 
electroluminescence image display apparatus as a plane 
type display apparatus excellent in response 
characteristics . 

As a driving system of a dot matrix type 
display apparatus using light emitting elements, there 
are a simple matrix driving system and an active 
matrix driving system. In the simple matrix driving 
system, usually, scan electrodes (scan lines) as 



cathode electrodes and data electrodes (data lines) as 
transparent anodes electrodes are arranged to 
intersect each other. The light emitting element is 
arranged to be put between the scan electrode and the 
5 data electrode. In case of the above-mentioned simple 
matrix driving system, a light emitting time is 
shortened as the number of scan electrodes increases. 
As a result, a duty ratio becomes smaller. Therefore, 
the brightness of the organic EL display apparatus 

10 decreases. 

In case of a single scan driving system, scan 
electrodes are sequentially scanned one by one so as 
to drive light emitting elements. Therefore, when the 
number of scan electrodes increases, the duty ratio 

15 becomes small, so that the brightness of the organic 
EL display apparatus decreases in inverse proportion 
to the number of scan electrodes. For example, in 
case of an organic EL display apparatus of a QVGA 
class, when the number of scan electrodes is 240 and 

20 the duty ratio is 1/240. At this time, the brightness 
of the display apparatus is about 70 cd/m^. In 
viewpoint of the brightness, it is difficult to view 
the display apparatus in a situation other than a dark 
situation like night. 

25 A driving system called a double scan driving 

system is known against the single scan driving system. 
In the double scan driving system, scan electrodes on 



a row side are sequentially driven two by two to 
increase the brightness of the display apparatus. For 
example, in case of a color organic EL display 
apparatus of the QVGA class, horizontal scan lines are 
equally grouped into two groups of 120 scan lines. 
One scan line of each of the two groups is driven for 
one scan drive time and the duty ratio is 1/120. Such 
a double scan driving system is disclosed in Japanese 
Laid Open Patent Application (JP-A-Showa 61-264876). 
In the double scan driving system, the brightness of 
the organic EL display apparatus can be improved. 
However, the brightness which is higher than the 
brightness achieved in the double scan drive system is 
sometimes required. Also, the double scan driving 
system needs the power consumption larger than the 
single scan driving system. 

In case of the organic EL element, the 
emitted light brightness is proportional to a current 
density in the light emitting pixel. Therefore, to 
increase the brightness of the organic EL display 
apparatus, a method is employed in which the drive 
voltage of the organic EL element is increased so that 
the current density of the organic EL element is 
increased. In this method, however, the increase of 
the drive voltage shortens a life of the organic EL 
element- Also, it is necessary to provide a voltage 
adjusting circuit every scan electrode or data 



electrode. Therefore, the circuit structure becomes 
complicated and the control becomes complicated. As a 
result, the cost of the product increases. 

As described above, in case of driving an 
5 image display apparatus in accordance with the simple 
matrix driving system^ conventionally, it is necessary 
to change the drive voltage or a pulse duration to 
change the brightness and power consumption of the 
display apparatus. However, the circuit for changing 
10 the pulse duration is complicated. 

Also, conventionally, as the row scanning 
method in the simple matrix driving system, only the 
single scanning system and the double scanning system 
are provided. 

15 Moreover, in the conventional image display 

apparatus, only one of the single scanning system and 
the double scanning system is fixedly adopted. 

In conjunction with the above description, an 
image display apparatus is disclosed in Japanese Laid 

20 Open Patent Application (JP-A-Showa 61-264876). In 
this reference, phosphor is applied on a screen to 
emit light when an electron beam is irradiated. An 
electron beam source generates an electron beam for 
each of vertical sections obtained by dividing the 

25 screen into a vertical direction. A dividing section 
divides the electron beam for each of horizontal 
sections obtained by dividing the screen into a 
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horizontal direction. A polarizing electrode 
polarizes the electron beam in a plurality of steps in 
each of the vertical direction and the horizontal 
direction on the way of a path from the electron beam 
5 source to the screen. A beam control electrode 

controls a current quantity of the electron beam to be 
irradiated on the screen for every horizontal section, 
and controls the light quantity from each pixel on the 
screen. A focusing electrode controls the size of the 

10 electron beam on the phosphor screen of each pixel. A 
back electrode controls a quantity of the electron 
beam from the electron beam source. An acceleration 
electrode accelerates the electron beam to the screen. 
The beam control electrode is equally divided into an 

15 upper portion and a lower portion in the vertical 
direction, and signals shifted by 1/2 field are 
applied to the upper and lower portions of the beam 
control electrode . 

Also, a method of setting a frame frequency 

20 in a liquid crystal display apparatus is disclosed in 
Japanese Laid Open Patent Application (JP-A-Heisei 9- 
281463). In this reference, the display apparatus 
includes a plurality of display elements driven by a 
plurality of scan lines and a plurality of data lines, 

25 respectively. The liquid crystal display apparatus 

selects h of the scan lines (h is an integer equal to 
or more than 2) at the same time. A frame frequency 
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is set in accordance with the response speed of liquid 
crystal material. 

Also, a liquid crystal driving circuit is 
disclosed in Japanese Laid Open Patent Application 
5 (JP-A-Heisei 9-269752). In this reference, the liquid 
crystal driving circuit has an output potential for 
duty drive as frame time divisional drive and an 
output potential for static drive as frame drive, and 
outputs one of the output potentials from the output 

10 terminal. 

Also, an electric field radiation color 
display apparatus is disclosed in Japanese Laid Open 
Patent Application (JP-A-Heisei 8-254964) • The 
electric field radiation color display apparatus has a 

15 frame memory which stores picture data formatted for a 
frame sequential display. A switching section 
switches a mode between a usual power consumption mode 
and a reduced power consumption mode. When the 
display apparatus is in the reduced power consumption 

20 mode, a section carries out a monochromatic display. 
In the monochromatic display, the frame memory is 
bypassed. In addition, in the above reference, a 
display system is composed of an emitter plate 
addressable in a matrix and 3-color positive plate. In 

25 the reduced power consumption mode, the display 
apparatus is switched from a color mode to the 
monochromatic mode. By a power reducing unit, green 
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brightness data for a monochromatic display bypasses 
the frame memory and is connected from the first 
multiplexer to the second multiplexer directly through 
a 3-state buffer. The buffer brings about the 
5 separation of a bypass line in case of a color display. 
Because the frame memory can be bypassed in case of 
the monochromatic display, the power of 1 W can be 
reduced from the frame memory in a standby mode* 

Also, a display apparatus is disclosed in 

10 Japanese Laid Open Patent application { P2 000 - 10 5 57 3A ) . 
In this reference, the display apparatus is composed 
of a substrate, electrodes on the substrate, and an 
organic light emitting layer put between the 
electrodes- A display region is divided into a first 

15 display region on which a predetermined data is always 
displayed, and a second display region on which data 
corresponding to a specific situation is displayed. 

Also, a display apparatus is disclosed in 
Japanese Laid Open Patent application { P2000- 112435A) . 

20 In this reference, the matrix type display apparatus 
has a function to activate a region of a display 
region and to inactivate the other region of the 
display region. At least one of the position, area 
size, and display contents of the activated display 

25 region can be changed for every predetermined time 
interval . 
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Summary of the Invention 

An object of the present invention is to 
provide an image display apparatus in which power 
consumption and brightness can be adjusted, and a 
5 method of driving the same. 

Another object of the present invention is to 
provide an image display apparatus in which power 
consumption and brightness can be adjusted in 
accordance with a request from a user, and a method of 
10 driving the same. 

Still another object of the present invention 
is to provide an image display apparatus, in which 
power consumption and brightness can be adjusted in 
accordance with the peripheral circumstances, a power 
15 remaining quantity or a display content, and a method 
of driving the same. 

Yet still another object of the present 
invention is to provide an image display apparatus 
which operates to notify a warning to a user and a 
20 method of driving the same. 

In an aspect of the present invention, an 
image display apparatus includes an image display 
section in which a plurality of light emitting 
elements are arranged in a matrix at intersections of 
25 a plurality of scan lines and a plurality of data 

lines. A control circuit selects one of modes as an 
operation mode in response to a mode switching signal. 
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and outputs a data signal and a scan control signal 
based on an Image signal to be displayed and the 
selected mode. A row driving section is connected to 
the plurality of scan lines to sequentially drive the 
5 plurality of scan lines based on the scan control 
signal in a unit determined based on the operation 
mode, A column driving section is connected to the 
plurality of data lines to sequentially drive the 
plurality of data lines based on the data signal. In 

10 this way, an image corresponding to the image signal 
is displayed on the image display section. 

Here, the row driving section may 
sequentially drive the plurality of scan lines one by 
a first one in one of the modes based on the scan 

15 control signal. Also, when the image display section 
is divided into an upper section and a lower section, 
the row driving section may sequentially drive the 
plurality of scan lines one by one in each of the 
upper and lower sections in a second one of the modes 

20 based on the scan control signal. Also, the image 

display section is divided into an upper section and a 
lower section, the row driving section may 
sequentially drive the plurality of scan lines N by N 
(N is an integer more than 1) in each of the upper and 

25 lower sections in a third one of the modes based on 

the scan control signal. In addition, the row driving 
section may sequentially drive the plurality of scan 



10 - 



lines N by N (N is an integer more than 1) in each of 
the upper and lower sections in a fourth one of the 
modes based on the scan control signal. 

In this case, the control circuit may output 
5 the data signal to the column driving section such 

that the image display section displays the image in a 
monochromatic color in the first mode. 

Also, the control circuit may output the scan 
control signal to the row driving section such that 
10 the scan electrodes of the upper section are scanned 
from an upper end to a lower end and such that the 
scan electrodes of the lower section are scanned from 
an upper end to an lower end. Also, the control 
circuit may output the scan control signal to the row 
15 driving section such that the scan electrodes of the 

upper section are scanned from an upper end to a lower 
end and such that the scan electrodes of the lower 
section are scanned from a lower end to an upper end. 
Also, the control circuit may output the scan control 
20 signal to the row driving section such that the scan 
electrodes of the upper section are scanned from a 
lower end to an upper end and such that the scan 
electrodes of the lower section are scanned from an 
upper end to a lower end. Otherwise, the control 
25 circuit may output the scan control signal to the row 
driving section such that the scan electrodes of the 
upper section are scanned from a lower end to an upper 
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end and such that the scan electrodes of the lower 
section are scanned from a lower end to an upper end. 

Also, the image display apparatus may further 
include an external brightness sensor which detects 
5 brightness of a peripheral portion of the image 

display apparatus, and a CPU which outputs the mode 
switching signal and the image signal to the control 
circuit based on designation by a user, and outputs 
the mode switching signal to the control circuit based 
10 on the detected brightness by the external brightness. 
Also, the image display apparatus may further 
include a remaining charge detecting unit which 
detects a remaining charge quantity of a battery, and 
a CPU which outputs the mode switching signal and the 
15 image signal to the control circuit based on 

designation by a user, and output? the mode switching 
signal to the control circuit based on the detected 
remaining charge quantity by the remaining charge 
detecting unit. 
20 Also, the image display apparatus may further 

include a receiving unit which receives a call, and a 
CPU which outputs the mode switching signal and the 
image signal to the control circuit based on 
designation by a user, and outputs the mode switching 
25 signal to the control circuit when the call is 
received by the receiving unit . 

Also, the image display apparatus may be an 



electroluminescence 



image 
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apparatus . 



Brief Description of the Drawings 

Fig. 1 is a block diagram showing an image 
5 display apparatus of a QVGA class in a mobile phone 
according to a first embodiment of the present 
invention ; 

Fig. 2 is a schematic block diagram showing 
that a control circuit generates a control signal for 
10 switching an operation mode between predetermined 
modes ; 

Fig. 3 is a cross sectional view showing the 
image display apparatus in the first embodiment; 

Fig. 4 is a matrix diagram showing the image 
15 display apparatus in the first embodiment; 

Fig. 5 is timing charts showing an operation 
of the image display apparatus in the first embodiment 
in a single scan mode; 

Fig. 6 is timing charts showing an operation 
20 of a double scan mode in the first embodiment; 

Fig. 7 is timing charts showing an operation 
of the image display apparatus in the first embodiment 
in a double sequential scan mode; 

Fig. 8 is a diagram showing a relation of 
25 current density and pixel brightness in a pixel; 

Figs. 9A to 9D are schematic diagrams showing 
scan directions in the image display apparatus in the 
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first embodiment in the double sequential scan mode; 
and 

Fig. 10 is timing charts showing an operation 
of the image display apparatus in a second embodiment 
5 in a single sequential scan mode. 

Description of the Preferred Embodiments 

Hereinafter, an image display apparatus of 
the present invention will be described. 

10 The image display apparatus such as a color 

organic EL display apparatus in a mobile phone 
according to the first embodiment of the present 
invention will be described with reference to Fig. 1. 
The image display apparatus of the present invention 

15 can change the brightness of display and the power 

consumption. The image display apparatus in the first 
embodiment has three operation modes of a single scan 
mode, a double scan mode, and a double sequential scan 
mode, as shown in Fig. 2. By switching those modes 

20 appropriately, the brightness of the display and the 
power consumption are changed. 

Fig. 1 is a block diagram showing the color 
organic EL display apparatus as the image display 
apparatus with a simple matrix driving system in the 

25 first embodiment. As shown in Fig. 1, the color 

organic EL display apparatus 10 is composed of a color 
organic EL display apparatus panel as an image display 



section 1 of a QVGA class using an NTSC signal, column 
driving circuits for driving data lines as columns, a 
row driving circuit 3 for driving scan lines as rows , 
a CPU 4 and a control circuit 5. 

The organic EL display apparatus panel 1 is 
divided into two portions: an upper portion as a first 
image display section la and a lower portion as a 
second image display section lb. The column driving 
circuits 2a and 2b are provided for the first image 
display section la and the second image display 
section lb to drive the columns. The row driving 
circuit 3 can supply the same timing signals to the 
first image display section la and the second image 
display section lb. In this case, in the double scctn 
mode and the double sequential scan mode which are 
described later, the images la and lb are displayed on 
the first image display section la and the second 
image display section lb in the organic EL display 
apparatus panel 1, respectively. Therefore, the 
column driving circuits 2a and 2b must be provided for 
the first image display section la and the second 
image display section lb, respectively. On the other 
hand, the row driving circuit 3 is sufficient to 
supply the same timing signal to the first and second 
image display sections la and lb. 

As shown in Fig. 3, the color organic EL 
display apparatus panel 1 is composed of data 
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electrodes 12 as anodes formed on a transparent 
substrate 11 of glass and so on as striped transparent 
electrodes, an organic EL film as a light emitting 
layer 13. and scan electrodes 14 as cathodes formed of 
5 striped metal electrodes. A transparent substrate 15 
of glass is provided onto the scan electrodes 14. The 
data electrodes 12 and the scan electrodes 14 are 
formed to have a matrix structure in which they are 
orthogonal to each other. Then, an organic EL pixel 
10 or organic EL element 16 is formed at the intersection 
of the data electrode 12 and the scan electrode 14. 

AS shown in Fig. 4, the plurality of data 
electrodes 12 are driven by the column driving 
circuits 2a and 2b and the plurality of scan 
15 electrodes 14 are driven by the row driving circuit 3. 

The column driving circuits 2a and 2b drive 
the data electrodes of the organic EL display 
apparatus panel 1 based on data signals supplied from 
the control circuit 5. Moreover, the column driving 
20 circuits 2a and 2b convert the data signals into 

signals in which current values are determined based 
,n the voltage levels of the data signal, and supplies 
current of a current density to the organic EL pixel 
16 of the organic EL display apparatus panel 1 for 

25 display of an image. 

The row driving circuit 3 drives the scan 
lines of the organic EL display apparatus panel 1 



oi 



ci 
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based on a control signal supplied from the control 
circuit 5 for the display image. In the method of 
driving the scan lines in the first embodiment, the 
connection of the scan electrode is switched between a 
5 power supply potential, a ground potential or a middle 
potential. The row driving circuit 3 operates based 
on either of the following methods. In the first 
method, the scan electrode is connected to the ground 
potential in case of the drive state and to the power 
10 supply potential in case of the non-drive state. In 
second method, the scan electrode is connected to the 
power supply potential in case of the drive state and 
to the ground potential in case of the non-drive state. 
Also, in the third method, the scan electrode is 
15 connected to the ground potential or the power supply 
potential in case of the drive state and to the middle 
potential in case of the non-drive state. Also, in 
the fourth method, the scan electrode is connected to 
the middle potential in case of the drive state and to 
20 the ground potential or the power supply potential in 
case of the non-drive state. In the first embodiment, 
the first method is applied. 

In the first embodiment, the control circuit 
5 generates the control signal for driving the color 
25 organic EL display apparatus panel 1 in either of the 
above three operation modes in response to a mode 
switching signal from the CPU 4 and outputs the 
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control signal to the row driving circuit 3. Also, 
the control circuit 5 generates and outputs a scan 
control signal to the row driving circuit 3 and data 
signals to the column driving circuits 2a and 2b based 
5 on an image signal supplied from the CPU 4 in 

accordance with the operation mode which is determined 
in response to the mode switching signal. 

Fig. 4 is a diagram showing the matrix 
structure of the organic EL display apparatus panel 1 
10 of the QVGA class in the first embodiment. As shown 

in Fig. 4, the number of scan electrodes 14 is 240 and 

the number of data electrodes 12 is 960 (= 320X3 
(RGB)) in the QVGA class. 

Also, the organic EL pixels 16 are put 

15 between the scan electrodes 14 and the data electrodes 
12 in a matrix. The data electrodes 12 is divided 
into a first image display section from the first scan 
electrode to the 120-th scan electrode and a second 
image display section from the 121st scan electrode to 

20 the 24o-th scan electrode. The column driving 

circuits 2a and 2b are connected with the first image 
display section la on the upper side and the second 
image display section lb on the lower side, 
respectively. Moreover, the row driving circuit 3 is 

25 connected with the first and second image display 
sections la and lb. 

First, the single scan mode will be described 
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With reference to Fig, 5. Fig. 5 is timing charts 
showing the operation of the single scan driving 
system. Fig. 5 shows a row scan signal when the scan 
electrodes are driven one by one based on the scan 
control signal with the NTSC format as an NTSC signal. 
The NTSC signal has a vertical sync frequency of 60 Hz 
and a horizontal synchronization frequency (period) of 

15.75 kHz (63.5 /X s ) . 

As shown in Fig. 5, in the single scan 
driving system, the scan electrodes 14 are driven in 
order by the row driving circuit 3. In this case, 
since the 240 scan electrodes Yl to Y240 are driven in 
order one by one for one screen, the duty ratio is 
1/240. In the single scan driving system, the driven 
scan electrode is always one. 

Next, a double scan mode (driving system) 
will be described with reference to Fig, 6. 

Fig. 6 is timing charts showing the operation 
of the row driving circuit 3 in the double scan 
driving system. The NTSC signal is used, as in the 
case shown in Fig. 5. 

In the double scan driving system, the two 
scan electrodes are always driven at the same time to 
increase the brightness of the display. In case of 
the organic EL display apparatus panel 1 of the QVGA 
class in this embodiment, the scan electrodes Yl to 
Y240 are equally divided into the first image display 



section la of the scan electrodes Yl to Y120 and the 
second image display section lb of the scan electrodes 
Y121 to Y240 in the vertical direction, as mentioned 
above. The number of scan electrodes is 120 in each 
5 of the first and second image display sections. The 
one display screen is formed by scanning the first and 
second image display sections once. Therefore, the 
duty ratio is 1/120. That is, as shown in Fig. 6, in 
the double scan driving system, two scan electrodes Yl 

10 and Y121 are driven at the same time. Then, two scan 
electrodes are driven in order, as the scan electrode 
Y2 and Y122, Y3 and Y123, Y120 and Y240. In the 

double scan driving system, because the two scan 
electrodes are driven at the same time, the brightness 

15 of organic EL display apparatus panel 1 becomes twice, 
as compared with that of the single scan driving 
system. Also, the power consumption becomes twice, 
too . 

Next, a double sequential scan mode (driving 
20 system) will be described with reference to Fig. 7. 
Fig. 7 is timing charts showing the operation of the 
row driving circuit 3 in the double sequential scan 
driving system. In Fig. 7, the NTSC signal is used 
and the four scan electrodes 14 are driven at the same 
25 time. 

In the double sequential scan driving system, 
when the scan control signal is supplied to the row 
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driving circuit 3 to drive the organic EL display 
apparatus panel 1, the n-th and (n-l)-th scan 
electrodes 14 in the first image display section la 
are driven. At the same time, the (n+120)-th and 
5 (n+119)-th scan electrodes 14 in the second image 

display section lb are driven. The scan electrodes to 
be scanned are changed in order. At the same time 
supply of the row scan signal to the first and second 
image display section, the data signals are supplied 

10 to the column driving circuits 2a and 2b, respectively. 
Current with the current density of twice of that of 
the single scan driving system is applied to each of 
the data electrodes 12 for the organic EL pixels 16 of 
the organic EL display apparatus panel 1. Thus, the 

15 image of image portions la and lb is displayed. 

Here, the operation of the row driving 
circuit 3 in the double sequential scan driving system 
will be described more specifically. The first image 
display section la in the organic EL display apparatus 

20 panel 1 will be described. Because the operation of 
the second image display section lb is same as the 
operation of the first image display section la, the 
description is omitted. 

In the first image display section la, when 

25 the organic EL pixel 16 is connected with the scan 
electrode Yl, the organic EL pixel 16 is turned on 
during the time periods Tl and T2 . When the organic 



EL pixel 16 is connected with the scan electrode Y2 , 
organic EL pixel 16 is turned on during the time 
periods T2 and T3. Therefore, during the time period 
T2, the scan electrodes Yl and Y2 are driven at the 
same time based on the data signal. The organic EL 
pixel 16 is connected with these scan electrodes Yl 
and Y2, and turned on at the same time. In the same 
way, during the time periods T3 and T4 , the scan 
electrodes Y2 and Y3 are driven at the same time based 
on the data signal. 

Therefore, the image is expanded in upper and 
lower directions so that the resolution in the 
vertical direction becomes 1/2. However, actually, 
because the scan electrodes are driven in order one by 
one, the image is never expanded in the upper and 
lower directions and the resolution in the vertical 
direction never degrades to 1/2. Also, in case of a 
horizontal line data signal with one pixel width, the 
width of the horizontal line becomes twice, so that 
the resolution becomes 1/2. However, the resolution 
in the horizontal direction is not degraded at all. 
Therefore, in case of a natural image such as a video 
picture, as far as the resolution is calculated by 
using data processing, it is found that the resolution 
in the vertical direction is degraded only to about 
80%, as compared with the original resolution. 

In the double sequential scan driving system. 
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the row driving circuit 3 is supplied with the scan 
control signal to set the drive time of each scan 
electrode 14 to 254 lis which are twice of the drive 
time in the double scan driving system. Moreover, the 
scan electrode 14 is shifted as Yl, Y2 , Y3, ... one by 
one in order every 127 s as in the double scan 
driving system. At this time, adjacent two of the 
scan electrodes Yl to Y120 and corresponding two of 
the scan electrodes Y121 to Y240 are driven at the 
same timing. Also, the data signals are supplied to 
the column driving circuits 2a and 2b to flow current 
with twice of the current density in the single scan 
driving system to the data electrode 12. As a result, 
it can be prevented that the current density of the 
organic EL pixel 16 is changed. 

Fig. 8 is a diagram showing relation between 
the current density and the pixel brightness in the 
organic EL pixel. It could be understood that the 
organic EL pixel has approximately proportional 
relation between the current density and the pixel 
brightness. Therefore, to keep the brightness of the 
display panel constant, it is sufficient to keep the 
current density of the organic EL pixel constant. 

In the double sequential scan driving system, 
the current which flows through the organic EL pixel 
16 decreases to 1/2 and the panel brightness is 
decreased to 1/2, if the current supplied from the 



column driving circuit current is not changed. 
Therefore, in order to prevent the decrease in the 
brightness, the current supplied from the column 
driving circuit is changed to twice so that the 
5 current density of the organic EL pixel 16 is not 
changed . 

In the double sequential scan driving system 
in the first embodiment, as shown in Fig. 9A, the scan 
electrodes Yl to Y120 and the scan electrodes ¥121 to 

10 Y240 are driven in a downward direction from upper 
ends for the upper image la and lower image lb. 
However, the scan electrodes Y121 to Y240 may be 
driven in an upward direction from the lower end for 
the upper image la and lower image lb, as shown in 9B. 

15 Also, the scan electrodes Yl to Y120 may be driven in 
the upward direction from the center and the scan 
electrodes Y121 to Y240 may be driven in the downward 
direction from the center for the upper side image la 
and lower side image lb, as shown in 9C. Moreover, 

20 the scan electrodes Yl to Y120 and Y121 to Y240 may be 
driven in the upward direction from the center and the 
lower end, as shown in 9D. 

According to the double sequential scan 
driving system, two adjacent scan electrodes 14 of the 

25 organic EL display apparatus panel 1 are driven at the 
same time and the scan electrodes 14 are sequentially 
shifted in each of the first image display section la 



and the second image display section lb. Therefore, 
the duty ratio can be easily changed from 1/120 to 
1/60 (=2/120). In this way, the emitted light 
brightness of the display can be made twice easily in 
the double sequential scan driving system, compared 
with the double scan driving system. Also, the 
emitted light brightness of the display can be made 
four times very easily, compared with the single scan 
driving system. 

Also, the degradation of the resolution in 
the vertical direction can be restrained in about 80% 
in the same way, compared with the double scan driving 
system. Also, the brightness of the organic EL 
display apparatus panel 1 can be adjusted by only a 
very simple operation in which the scan control signal 
supplied to the row driving circuit 3 and the data 
signals to the column driving circuits 2a and 2b from 
the control circuit 5 are changed. 

According to the first embodiment, in the 
double sequential scan driving system, two or more of 
the scan electrodes 14 of the organic EL display 
apparatus panel 1 are driven at the same time and the 
scan electrodes 14 are sequentially shifted in each of 
the first image display section la and the second 
image display section lb. Therefore, the duty ratio 
can be easily changed. In this way, it is possible to 
change the emitted light brightness so that the 



brightness that the coming to practical use can be 
sufficiently ensured • 

Also, the number of scan electrodes 14 to be 
driven can be easily changed by the simple control 
5 data. Therefore, the brightness of the display can be 
adjusted through the simple operation. 

It should be noted that in the single scan 
driving system, it is possible to select the green 
light as a monochromatic light having the most 

10 efficient emission of 3-color lights of RGB. As such, 
the power consumption can be more suppressed than that 
of the single scan mode of the 3 color emitting light. 
In this case, the CPU 4 outputs to the control circuit 
5, the mode switching signal to drive the organic EL 

15 display apparatus panel 1 in the single scan mode of 
the monochromatic light emission. The control circuit 
5 receives the mode switching signal, and outputs the 
data signals for the monochromatic light emission to 
the column driving circuits 2a and 2b based on the 

20 image signal. The column driving circuits 2a and 2b 
set the current values of current sources 
corresponding to the pixels of R and B to zero in 
response to the data signals and stop the current 
supply. Because the organic EL pixel 16 does not emit 

25 light when the current does not flow through, the 

monochromatic light emission can be realized by the 
above-mentioned method . 



Next, a method of switching between the above 
three modes will be described in the color organic EL 
display apparatus 10 having the above structure. For 
example, the methods (1) to (5) are thought. 

Of the above three modes, the double scan 
mode is preset as a standard mode. In the single scan 
mode, the emitted light brightness and the power 
consumption are reduced to 1/2, compared with the 
standard mode. In the double sequential scan mode, 
the emitted light brightness and the power consumption 
become twice, compared with the standard mode. 

(1) The user can appropriately switch between 
the three modes in accordance to the desire. 

(2) In accordance with the brightness around 
the color organic EL display apparatus 10, one of the 
above three modes is automatically selected. An 
external brightness sensor (not shown) is connected 
with the CPU 4 and the detected brightness around the 
color organic EL display apparatus 10 is outputted to 
the CPU 4. Here, it is supposed that the standard 
mode is usually set. Also, it is supposed that one of 
the above three modes is set by the user though the 
method (1). In this case, the CPU 4 does not output 
the mode switching signal newly to the control circuit 
5 when determining that the detected brightness by the 
external brightness sensor is equal to or higher than 
a brightness threshold value o Thus, the mode is not 



changed. On the other hand, the CPU 4 outputs the 
mode switching signal to the control circuit 5 to 
switch to the single scan mode, when determining that 
the detected brightness by the external brightness 
5 sensor is lower than the brightness threshold value. 
The control circuit 5 receives the mode switching 
signal and generates the scan control signal and the 
data signal to drive the organic EL display apparatus 
panel 1 in the single scan mode. Then, the control 

10 circuit 5 outputs the scan control signal to the row 
driving circuit 3 and the data signal to the column 
driving circuits 2a and 2b. For example, when the 
peripheral portion is dark as in night, the emitted 
light brightness can be visible sufficiently even if 

15 the brightness is low. According to the method (2), 
the operation mode is automatically switched to the 
single scan mode in case that the power consumption 
should be suppressed. 

(3) When the color organic EL display 

20 apparatus 10 is driven with a battery cell, the 

operation mode is automatically switched between the 
above three modes based on a cell residual quantity, 
A cell residual quantity detection unit (not shown) is 
connected with the CPU 4, and the cell residual 

25 quantity in the color organic EL display apparatus 10 
is detected by the cell residual quantity detection 
unit and is outputted to the CPU 4. In this case, it 
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is supposed that the operation mode is preset to the 
standard mode. Also, a new operation mode is selected 
from the above three modes. In this case, the CPU 4 
does not output a new mode switching signal to the 
control circuit 5, when determining that the detection 
value by the cell residual quantity detection unit is 
equal to or larger than a threshold value, and the 
mode set at the present time is kept. On the other 
hand, the CPU 4 outputs the mode switching signal to 
the control circuit 5 to instruct to switch to the 
single scan mode, when determining that the detection 
value by the cell residual quantity detection unit is 
smaller than the threshold value. The control circuit 
5 receives the mode switching signal and generates the 
scan control signal and the data signals for driving 
the organic EL display apparatus panel 1 in the single 
scan mode and outputs the data signals to the column 
driving circuits 2a and 2b and the scan control signal 
to the row driving circuit 3, For example, when there 
are few cell residual quantities, the operation mode 
is automatically switched to the single scan mode as a 
power saving mode. Moreover, the user can find the 
decrease of the brightness when the operation mode is 
switched from either of the other two modes into the 
single scan mode. Thus, the user can recognize the 
necessity to charge the cell. In this case, moreover, 
the CPU 4 outputs the mode switching signal to the 



control circuit 5 to instruct the switching of the 
operation mode to the single scan mode for the 
monochromatic light emission of the above-mentioned 
green light, when determining that the detection value 
5 by the cell residual quantity detection unit is 

smaller than a specific value which is lower than the 
threshold value. With this, it is possible to drive 
the organic EL display apparatus panel 1 in the single 
scan mode of monochromatic green light emission. 

10 Moreover, in this case, it is possible to further 

suppress the power consumption. The user can find the 
change of the emitted light color and can recognize 
that there is necessity to charge the cell. The 
monochromatic color of the emitted light is not 

15 limited to the green and the user can set optionally. 

(4) When a call is arrived, the operation 
mode may be automatically and repeatedly switched 
between the above three modes or two of them, in 
addition to or in place of the call arrival sound. 

20 Through the change of the brightness of the organic EL 
display apparatus panel 1, it is possible for the user 
to recognize the call arrival. In this case, the CPU 
4 is connected with a call receiving unit (not shown). 

Also, the emitted light may be automatically 

25 changed from the 3-color light to the monochromatic 
color light when there is a call arrival. The 
operation mode may be any of the three modes. 



- 30 - 

Consequently, it is possible for the user to recognize 
the call arrival. In this case, it is possible for 
the user to recognize the call arrival through 
repetitive change of the emitted light color, because 
5 the emitted light is changed between three colors of 
RGB in addition to or in place of the call arrival 
sound . 

y Also, when there is a call arrival, an image 



Si 
ffl 

in 
in 



may be displayed in the first image display section la 
10 and the second image display section lb with different 
monochromatic colors of RGB, which are repetitively 



changed, in addition to or in place of the call 
iT arrival sound. Thus, the repetitive change of the 

ry 

f-% image color is carried out between the plurality of 



15 screen regions of the organic EL display apparatus 

panel 1. As a result, the user can recognize the call 
arrival . 

The operation which is carried out "when 
there is a call arrival" in the method (4) may be 

20 carried out in a manner mode instead of sounding the 
call arrival sound. Also, the repetitive switching 
operation of the method (4) may be carried out only 
when there is the call arrival from a preset person. 
Moreover, the repetition switching operation of the 

25 method (4) may be carried out in accordance with (in 
synchronization with the rhythm, tempo, and change of 
the melody of the call arrival sound. 
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(5) According to the contents to be displayed 
by the organic EL display apparatus panel 1, the 
operation mode may be automatically switched between 
the above three modes. For example, at the time of 
5 the so-called waiting state (in which there are not a 
call transmission and a call arrival) , the operation 
mode is automatically switched into the single scan 
mode as the power saving mode of the 3-color or 
monochromatic color . 
10 The embodiments of the image display 

apparatus and the driving method of the same of the 
present invention is described with reference to the 
drawings • However, the concrete structure of the 
present invention is not limited to these embodiments 
15 and a modification or change is possible in the range 
which is not apart from the spirit of the present 
invention. For example, in each of the above- 
mentioned embodiments, an organic EL element is used 
as the light emitting element, but an inorganic EL 
20 element, a light -emitting element, and a field 

emission device (FED) may be used. Also, in the 
method of driving the first image display section la 
and the second image display section lb in the organic 
EL display apparatus in the double sequential scan 
25 mode, the number of adjacent scan electrodes to be 
driven at a time may be three or more. Further, the 
used video signal is not limited to the NTSC signal. 



but may be a PAL signal, a HDTV signal, a VGA signal, 
or a digital signal. 

As described above, according to the present 
invention, the saving of the power consumption and the 
5 adjustment of the brightness can be carried out. In 
this case, it is possible to adjust based on the 
desire of the user. Also, the saving of the power 
consumption and the adjustment of the brightness can 
be carried out in accordance with the environment such 

10 as the brightness of a peripheral area to the display 
apparatus, the cell residual quantity and the display 
contents. Moreover, with change of the brightness or 
the emitted light, a report role of the warning to the 
user can be played. 

15 It should be noted that in the above 

embodiments, the double scan driving system is adopted 
as the one which has the middle (standard) brightness 
of the above three modes. However, in place of the 
double scan driving system, the following single 

20 sequential scan driving system may be used. 

Fig, 10 is the timing chart showing the 
operation of the row driving circuit 3 in the single 
sequential scan driving system. In Fig. 10, the NTSC 
signal is used as in the above embodiments. 

25 As shown in Fig. 10, in the single sequential 

scan driving system of the organic EL display 
apparatus panel 1, a scan control signal is supplied 
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from the control circuit 5 to the row driving circuit 
3 such that the n-th scan electrode 14 and the (n-1)- 
th scan electrode of the organic EL display apparatus 
panel 1 are driven at the same time and the scan 
electrodes are sequentially scanned. At the same time, 
the data signals is supplied to the column driving 
circuits 2a and 2b such that twice of current is 
supplied to the data electrode 12 to prevent the 
change of the current density of each organic EL pixel 
16 of the organic EL display apparatus panel 1. Thus, 
an image is displayed. 

In the single sequential scan driving system, 
the scan control signal is supplied to the row driving 
circuit 3 such that the drive time of each scan 
electrode 14 is set to 127 Pis which are usual twice, 
and the scan electrodes 14 is shifted one by one every 
63.5 Ms in order in such a manner as Yl, Y2 , Y3 , 
Y240. The column driving circuits 2a and 2b are 
supplied with the data signal and are driven not to 
change the current density of the organic EL pixel 16 
by applying twice of current to the data electrode 12 
in the single scan driving system. That is, in the 
single sequential scan driving system, the row driving 
circuit 3 drives the two or more adjacent scan 
electrodes 14 at the same time. Thus, the horizontal 
section for several scan electrodes 14 is driven in 
the organic EL pixel 16 in order. The column driving 



circuits 2a and 2b control the current of the data 
electrodes 12 to prevent the change of the current 
density of the organic EL pixel 16. 

In this single sequential scan driving system, 
5 like the double scan driving system, two scan 
electrodes are always driven. Therefore, the 
brightness and the power consumption are twice, 
compared with those of the single scan driving system, 
and the brightness and the power consumption are in 
10 the half, compared with the double sequential scan 

driving system. Also, in the single sequential scan 
driving system, the resolution in the vertical 
direction is degraded rather, like the double 
sequential scanning system. In viewpoint of the 
15 picture quality, it is more preferable to adopt the 

double scan driving system than the single sequential 
scan driving system. 

In the above, the present invention is 
described in association with the mobile phone 
20 apparatus. However, the present invention can be 
applied to a display apparatus such as a car 
navigation system, in place of the mobile phone 
apparatus. In this way, according to the image 
display apparatus of the present invention, the power 
25 consumption and the brightness can be adjusted. 



